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0 Silicon carbide Schottky diode and method of making same. 



0 A high performance silicon carbide Schottky 
contact (14) comprises a platinum containing contact 
on a-silicon carbide (11,12), specifically 6H-a silicon 
carbide. At least part (14a) of the platinum-containing 
contact may comprise platinum silicide which may 
be formed by annealing to convert at least part of 



the platinum to platinum silicide. An ohmic contact 
(13) to the substrate (11) is also provided. A guard 
ring (16) or field plate may be provided. The Schot- 
tky contact exhibits lower forward resistance, lower 
reverse current and higher reverse breakdown volt- 
age than heretofore available designs. 
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thereon, with the platinum containing Schottky con- 
tact on the n- layer. The n+ . substrate provides 
high diode conductivity (low forward resistance) 
while the lightly doped n- layer provides high diode 
reverse breakdown voltage. An ohmic contact, for 
example nickel, may be provided on the n + layer. 
Optionally a p-type silicon carbide guard ring may 
be provided in the n- layer under the periphery of 
the platinum containing contact, to enhance the 
reverse breakdown characteristics. Alternatively, a 
field plate may be provided over the periphery of 
the contact 

The Schottky diode of the present invention 
may be fabricated by heavily doping 6H-a silicon 
carbide substrate with nitrogen during crystal 
growth, to form the n + layer. A thin n-layer may 
be epitaxially formed using chemical vapor deposi- 
tion or other known techniques. Platinum may be 
deposited on the n- layer and then annealed at 
high temperature to convert at least a part of the 
platinum to platinum silicide. Alternatively, layers of 
platinum and silicon may be formed on the n- layer 
and annealed to convert to platinum silicide. or 
platinum silicide may be deposited on the n- layer 

In the accompanying drawings: 
Figure 1 illustrates a schematic cross section 
of a first embodiment of a Schottky diode accord- 
ing to the present invention. 

Figure 2 illustrates a schematic cross section 
of a second embodiment of a Schottky diode ac- 
cording to the present invention. 

Figures 3a - 3f are graphical illustrations of 
voltage versus current characteristics of Schottky 
diodes according to the present invention. 

In the drawings and specification, there have 
been disclosed typical preferred embodiments of 
the invention and, although specific terms are em- 
ployed, they are used in a generic and descriptive 
sense only and not for purposes of limitation, the 
scope of the invention being set forth in the follow- 
ing claims. The present invention now will be de- 
scribed more fully hereinafter with reference to the 
accompanying drawings, in which a preferred em- 
bodiment of the invention is shown. Like numbers 
refer to like elements throughout. For greater clar- 
ity, the thickness of the layers has been exag- 
gerated. 

Referring now to Figure 1 a Schottky diode 10 
according to the present invention is illustrated. 
The Schottky diode 10 includes an n + 6H-a silicon 
carbide substrate 11 preferably 10-15 mils thick. 
Substrate 11 is heavily doped n+ to provide high 
conductivity (low resistance) In the forward direc- 
tion. Substrate 11 is preferably doped with nitrogen 
at a concentration of 1x10 18 carriers per cubic 
centimeter or higher. Substrate 11 may be grown 
using sublimination growth techniques as described 
in U.S. Patent No. 4,866.005 issued 12 September 



1989, entitled "Sublimation of Silicon Carbide to 
Produce Large, Device Quality Single Crystals of 
Silicon Carbide". 

A tightly doped n- epitaxial layer 12 of 6H-a 

5 silicon carbide, preferably 1^4 urn thick is formed 
on substrate 11. This thin lightly doped layer pro- 
vides a high reverse breakdown voltage for the 
Schottky diode and is doped with 1x10 17 or fewer 
carriers per cubic centimeter. Nitrogen is the pre- 

w ferred dopant although phosphorous or other dop- 
ants may be used. Layer 12 may be formed by 
chemical vapor deposition or other known epitaxial 
techniques, it will be understood by those having 
skill in the art that in order to achieve a carrier 

75 concentration of less than 10 17 , nitrogen dopant 
does not need to be be added because nitrogen is 
naturally incorporated in the 6H-a silicon carbide to 
a certain extent during chemical vapor deposition. 
Schottky diode 10 also includes an ohmic con- 

20 tact 13 on back side of substrate 11. The ohmic 
contact is preferably 4000-5000A of nickel although 
other conventional contact materials such as tan- 
talum silicide, gold, gold/ tantalum or other alloys 
may be employed. Ohmic contact 13 may be de- 

25 posited by sputtering, evaporation or other conven- 
tional techniques, followed by a high temperature 
(for example 1000* C) anneal. It will be understood 
by those having skill in the art that because of the 
high temperature anneal, ohmic contact 13 is pref- 

30 erably formed before Schottky contact 14. 

Still referring to Figure 1 a Schottky contact 14 
containing platinum is formed on n- layer 12. As 
shown in Figure 1 at least part of the platinum 14a 
is converted to platinum silicide by high tempera- 

35 ture annealing, for example by annealing at 600* C 
for 15 minutes. The platinum silicide layer 14a 
forms a stable high performance Schottky contact 
at temperatures up to 800* C. Platinum containing 
layer 14 is preferably less than 2000 k thick, and 

40 may be deposited using common techniques, for 
example sputtering or evaporation, and patterned 
by common photolithographic techniques, for ex- 
ample lift-off. As is well known to those having skill 
in the art. the platinum silicide conversion process 

45 consumes a portion of n- layer 12. To reduce or 
eliminate silicon carbide consumption, platinum sili- 
cide may be directly deposited and annealed to 
form a unitary structure. Alternating layers of plati- 
num and silicon may also be deposited and an- 

so nealed to convert the alternating layers to platinum 
silicide. 

A Schottky diode fabricated as described in 
Figure 1 has been found t provide improved diode 
characteristics compared to known platinum on 0- 
55 silicon carbid diodes. The diodes formed accord- 
ing to the present invention have a higher forward 
resistance of less than 3.2x1 0 3 D/cm 2 . They xhibit 
a reverse current which is typically below measur- 
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n + layer of 6H-a silicon carbide and an n- layer of 
6H-a silicon carbid on said n+ layer, with said 
platinum-containing contact being on said n- layer. 

7. The Schottky contact of Claim 6 further 
comprising a p-type silicon carbide guard ring with- 
in said n- layer, lying under the periphery of said 
platinum containing contact. 

8. The Schottky contact of Claim 6 further 
comprising a field plate at the periphery of said 
platinum-containing contact. 

9. The Schottky contact of Claim 6, 7 or 8 
further comprising an ohmic contact on an exposed 
side of said n + layer, to thereby form a Schottky 
diode. 

10. A Schottky diode comprising: 
an n + 6H-o silicon carbide substrate; 

an ohmic contact on one side of said substrate; 

an n- 6H-a silicon carbide epitaxial layer on the 

opposite side of said substrate; and 

a platinum silicide Schottky contact on said n- 

layer. 

11. The Schottky diode of Claim 10 wherein 
said n+ layer is doped with nitrogen at a con- 
centration greater than 10 ta carriers per cubic 
centimeter. 

12. The Schottky diode of Claim 10 or 11 
wherein said n- layer is doped with nitrogen at a 
concentration less than 10 17 carriers per cubic 
centimeter. 

13. The Schottky diode of Claim 10, 11 or 12 
wherein said platinum silicide Schottky contact is 
less than 2000A thick. 

14 . The Schottky diode of Claim 10, 11, 12 or 
1 3 wherein said ohmic contact comprises nickel. 

15 . A method of forming a Schottky contact 
comprising the steps of: 

providing a 6H-a silicon carbide substrate; and 
forming a platinum containing contact on said 6H-a 
silicon carbide substrate. 

16 . The method of Claim 15 wherein said 
forming step comprises the steps of: 

forming a platinum contact on said 6H-a silicon 
carbide substrate; and 

converting at least part of said platinum contact to 
platinum silicide. 

17. The method of Claim 16 wherein said con- 
verting step comprises the step of annealing said 
platinum contact 

18. The method of Claim 17 wherein said an- 
nealing step comprises the step of heating said 
platinum contact at a temperature of at least 
600* C for at least 15 minutes. 

19. Th m th d of Claim 16 wherein said con- 
verting step comprises the step of converting all of 
said platinum contact to platinum silicide. 

20. The method of Claim 15 wherein said for- 
ming step comprises the steps of: 

forming a platinum silicide contact on said 6H-a 



silicon carbide layer. 

21. The method of Claim 15 wherein said for- 
ming step comprises the steps of. 

forming alternating layers of platinum and silicon 
5 on said 6H-a silicon carbide layer; and 

converting said alternating layers of platinum and 
silicon to silicon carbide. 

22. The method of Claim 15 wherein said pro- 
viding step comprises the steps of: 

w providing an n + 6H-a silicon carbide substrate; 
epitaxially forming an n- layer of 6H-o silicon car- 
bide on said substrate; and 
wherein said forming step comprises the step of 
forming a platinum-containing contact on said n- 

15 layer. 
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